On the effect of machining strategy in micro milling of tool steel surface micro features with optical functionality by Li, D. et al.
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
 You may not further distribute the material or use it for any profit-making activity or commercial gain 
 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 
   
 
 
Downloaded from orbit.dtu.dk on: Mar 29, 2019
On the effect of machining strategy in micro milling of tool steel surface micro features
with optical functionality
Li, Dongya; Davoudinejad, Ali; Regi, Francesco; Zhang, Yang; Tosello, Guido
Publication date:
2018
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Li, D., Davoudinejad, A., Regi, F., Zhang, Y., & Tosello, G. (2018). On the effect of machining strategy in micro
milling of tool steel surface micro features with optical functionality. Abstract from Euspen Special Interest Group
Meeting 2018: Structured & Freeform Surfaces, Cachan, France.
 On the effect of machining strategy in micro milling of tool steel surface micro features with 
optical functionality 
D. Li1, A. Davoudinejad1, F. Regi1, Y. Zhang1, G. Tosello1  
1Technical University of Denmark, Department of Mechanical Engineering 
dongyli@mek.dtu.dk   
 
Abstract 
This paper presents a new micro milling strategy for manufacturing optical functionality on steel 
surfaces. The micro structures, a combination of arrays of micro-ridges, have been machined on tool 
steel surfaces. The desired function is to maximize the contrast of the reflected light from orthogonally 
patterned features. The micro-ridges are 800 µm long, 50 µm wide and 5° tilted.  
In order to obtain such micro structures on tool steel, a five axis ultra-high precision milling machine 
was utilized. The potential application is the replication of the structures on plastic components by 
means of injection moulding or other polymer replication methods. However, many burrs formed on 
the edges of the micro features during the micro milling process. The burrs covered the working 
surfaces and drastically decreased the surface functionality of both the steel features and the polymer 
replicated structures.  
In order to reduce the burr formation, the micro milling strategy was investigated. In particular, a new 
machining strategy was developed, validated and compared with the conventional strategy, both 
executed in the same machining conditions. In the conventional strategy, from the side view of the 
micro-ridges, the features were machined from right to the left (as shown in Figure 1 on the left). In 
the new strategy, a reversed ridge machining order was applied, with the result that the burrs formed 
during machining a micro-ridge were removed by the following cut. As shown in Figure 1, the 
experiments proved that the burrs were removed during the micro milling process, which decreased 
the cost by avoiding the possible post-processing such as micro de-burring.  
The evaluation of the structural geometries and the tool wear were based on the measurements 
carried out with a confocal laser 3D scanner (Olympus Lext OLS4000) and a scanning electronic 
microscopy (SEM), respectively. The results proved that the new strategy could also improve the micro 
milling tool life while producing relatively higher quality when compared with the results obtained with 
the conventional machining strategy. For example, when considering the dimensional stability of the 
micro features as criteria, e.g. when the ridge height decreased by 13%, the milling tool life achieved 
by the new machining strategy was 10 times longer than that obtained by applying the conventional 
one. The new machining strategy will be applied for machining such micro structures on large areas. 
 
The machining strategy will be further validated by correlating the surface functionality with feature 
geometry and tool wear. 
 
Figure 1: The geometries obtained by applying the two micro milling strategies, scanned by a confocal 
Laser 3D scanner (Olympus Lext): (left) micro features by the conventional milling strategy with burrs 
formed on the edges and (right) the burr-free features by the new milling strategy. 
